Introduction
In our search for new bioactive m etabolites from basidiomycetes, a new caryophyllane sesqui terpene, 6,9-dihydroxy-3( 15)-caryophyllen-4,8-dione (1 ), was isolated from fermentations of a Marasmius species from New Caledonia. Caryo phyllane sesquiterpenoids have been described as widespread constituents of several plants, e.g. Jasm inum , Lavendula and Juniperus. Previously, two derivatives similar to 1 , naematolin (2) and naematolon (3), have been isolated from several Hypholom a (= N aem atolom a) and a Panus species (Ito et al., 1967; Doi et al., 1986; Backens et a l, 1984; Lorenzen et al., 1994a). For naematolin (2), cytotoxic, antiviral and vasodilatoric activities have been described (Ito et a l, 1967; Backens etal., 1984) , whereas naematolon (3) has been reported to exhibit cytotoxic and antimicrobial activities (Backens et a l, 1984) and as inhibitor of platelet aggregation (Lorenzen et a l, 1994a). In the following we describe the production, isola tion, structure elucidation and biological proper ties of 6,9-dihydroxy-3(15)-caryophyllen-4,8-dione.
Materials and Methods

General
!H NMR (500 MHz) and 13C NMR (125 MHz) were recorded at room tem perature with a Bruker ARX500 spectrom eter with an inverse multinuclear 5 mm probehead equipped with a shielded gradient coil. The spectra were recorded in CDC13, and the solvent signals (7.26 and 77.0 ppm, respec tively) were used as reference. COSY, HM QC and HM BC experiments were recorded with gradient enhancem ents using sine shaped gradient pulses. For the 2D heteronuclear correlation spectroscopy the refocusing delays were optimised for 'yCH = 145 Hz and ni CH = 10 Hz. The raw data were trans formed and the spectra were evaluated with the standard Bruker UXNM R software (rev. 941001). Mass spectra were recorded with a Jeol SX102 spectrometer, UV and IR spectra were recorded with a Perkin Elm er X 16 and a Bruker IFS 48 spectrometer, and the optical rotation was meas ured with a Perkin-Elm er 141 polarim eter at 22 °C. For analytical HPLC a Hewlett Packard 1090 series II instrum ent was used.
Producing organism
The basidiomycete Marasmius sp. strain 96115 was isolated from the spore print of a fruiting body collected in New Caledonia. The specimen showed all essential characteristics of the genus (Singer, 1996) . The species, however, could not be iden tified. The strain and voucher specimen are depos ited in the culture collection of the LB Biotechno logie, University of Kaiserslautern.
0939-5075/99/0700-0469 $ 06.00 © 1999 Verlag der Zeitschrift für Naturforschung, Tübingen • www.znaturforsch.com • D For maintenance on agar slants and submerged cultivation, Marasmius sp. was grown in YMG me dium composed of : yeast extract 0.4%, malt ex tract 1%, glucose 0.4%, pH 5.5 and agar 1.5% for solid media. Fermentations were carried out in a Biolafitte C6 ferm enter containing 20 1 of YMG medium with aeration (3 1 air/min) and agitation (120 rpm) at 27 °C. 250 ml of a well grown culture in YMG medium were used as inoculum.
After 25 days of fermentation the culture fluid was separated from the mycelia by filtration. Com pound 1 was removed from the culture fluid (15 1) by adsorption to HP 21 resin (Mitsubishi, column: 30x300 mm) and eluted with acetone. The crude extract (2372 mg) was applied onto a column 
F erm entation a n d isolation
Biological assays
The tests for cytotoxic effects (Zapf et al., 1995) and the antimicrobial activity in the serial dilution assay (Anke et al., 1989) have been described else where. The test for inhibitory effects on the syn thesis of macromolecules was carried out as re ported previously (Lorenzen et al., 1994a).
The inhibitory effect on the aggregation of hu man and bovine platelets was determined as fol lows: C oncentrated human platelets (2 x l0 9 cells/ ml) were provided by the Universitätsklinikum Homburg/Saar. Citrate -dextrose -buffer (ACD solution) was used as anticoagulans. Bovine plate let rich plasma (PRP) and bovine platelet poor plasma (PPP) were prepared as described before (Lorenzen et al., 1994b). The PRP contained about 4 -5 xlO 5 platelets/ml. The aggregation assay was carried out in a spectrophotom eter (Hitachi, model 100-60) with tem perated (37 °C) and stirred cuvettes. 1.5 ml bovine PRP or concen trated human platelets were preincubated for 10 minutes with the tested compound. The aggre gation of bovine platelets was stimulated by colla gen and ADP, whereas the aggregation of human platelets was induced by different agonists using, besides collagen and ADP, thrombin and the throm boxane A2 analogue U46619. After adding the agonists the change of transmittance was mon itored at 600 nm with PPP as blank.
For assays of extracts and fractions for aggrega tion inhibiting activities 150 |il of bovine PRP or concentrated human platelets were placed in 96-well m icrotiter plates, preincubated with the sam ples, and the change of transmittance during ag gregation was measured with an eight-channel photom eter (Labsystems iEMS Reader MF), then.
Results and Discussion
Fermentation and isolation
A typical ferm entation of Marasmius sp. 96115 in 20 liters of YMG medium is shown in Fig. 1 . As detected by analytical HPLC, the production of 6,9-dihydroxy-3(15)-caryophyllen-4,8-dione
(1) started after 8 days, reached a maximum of about 32 mg/1 after 25 days of fermentation and de creased afterwards. The extraction of the culture broth and isolation of 1 is described in the experi mental section.
Structural elucidation
The elucidation of the structure of 6,9-dihydroxy-3(15)-caryophyllen-4,8-dione (1) is based on NMR spectroscopic data, of which ID !H and 13C data are given in Materials and M ethods and perti nent 2D HMBC and NOESY data given in Fig. 3 . The scalar 'H^H couplings from 1-H2 via 2-H and 10-H to 9-H, as well as from 5-H via 6-H and 7-H to 14-H3 dem onstrated the presence of two spin systems which could be joined together in a 9-mem bered ring by the HMBC couplings shown in Fig. 3 and the long-range 'H -'H couplings ob served between 2-H and 15-H2. The presence of a cyclobutane ring was established by the HMBC correlations from both 12-H3 and 13-H3 to C -l, C-10 and C -ll, as well as to each others carbons. The stereostructure of 1 (shown in Fig. 2 ) was sug gested by the NOESY correlations observed (see Fig. 3 ) and by the magnitude of certain ' H -!H couplings. NOESY correlations between 13-H3 and 1-Hß, 2-H and 10-H shows that the two rings are cis, and a NOESY correlation between 12-H3 and 9-H together with the large J9_ i0 (12.2 Hz) suggest that 9-H is in the a position and axial. 9-H also gives a strong NOESY correlation to 7-H which in turn correlates to 5-Ha. The two pro tons in the exomethylene group correlate to 1-Ha and 5-H a, respectively. 6-H gives NOESY correla tions to both 5-H a and 5-Hß, and to 7-H as well as 14-H3, and the inspection of a Dreiding model of 1 having a conformation that satisfies the above m entioned NOESY data shows that the configura- tion of C-6 must be as suggested. This will also be in accord with the small / 6_7 (1.9 Hz) observed, and allows the a,ß-unsaturated ketone to adopt a planar configuration. The absolute stereochem is try of 1 was not determined, although it is assumed to be the same as that of naematolin (2). The structural similarities between 6,9-dihydroxy-3(15)-caryophyllen-4,8-dione (1), naematolin (2) 
Biological properties
6,9-Dihydroxy-3(15)-caryophyllen-4,8-dione (1) showed strong cytotoxic activities on L 1210 and HL 60 cells with IC5o's of 1.9 and 3.8 |.im, respec tively, whereas lower cytotoxic effects were ob served with HeLa S3 cells ( Table I ). The influence of 1 on the incorporation of 14C-labelled thymi dine, uridine and leucine into DNA, RNA and proteins was tested with L I210 cells, and the re sults are shown in Table II . At lower concentra tions of 1 no significant inhibition of the biosyn theses of macromolecules could be observed, although at concentrations higher than 9.4 um (corresponding to the IC 100 in the cytotoxicity test with L1210 cells) 1, as expected, inhibited the in corporation of leucine and thymidine into proteins and DNA significantly. The effect of 1 on the ag gregation of human and bovine platelets stim ulated with different agonists is shown in Table III . 1 preferentially inhibited the ADP and collagen induced aggregation while no inhibition on throm bin induced aggregation was observed. The effects were more pronounced on human as compared to bovine platelets.
The antimicrobial activity of 1 was tested in the serial dilution assay. Compared to the structurally similar caryophyllanes naematolin (2) and naematolon (3), stronger cytotoxic effects could be observed for 6,9-dihydroxy-3(15)-caryophyllen-4.8-dione (1). In con trast to 1, 2 and 3 inhibited preferentially the DNA and RNA syntheses (Backens et al., 1984) . The an timicrobial activity of naematolon is very weak (Backens et al., 1984) . whereas for naematolin (2) and 6,9-dihydroxy-3(15)-caryophyllen-4,8-dione (1 ) no antibacterial or antifungal activity could be detected. The influence on bovine and human platelet aggregation of 1 and 3 (Lorenzen et al., 1994a) differs for the used agonists. Like 2 and 3, 1 reacts with sulfhydryl groups of e.g. dithiothreitol or cysteine by forming inactive adducts, a typi cal reaction for a,ß-unsaturated ketones (Backens e ta l., 1984).
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